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Description 

This invention relates to microprocessor circuitry 
and, more particularly, to the generation of internal mi- 
croprocessor clock signals. 

EP-A-316 943 discloses a microprocessor circuit 
having a timing signal source providing two signals hav- 
ing different frequencies; a clock generating circuit gen- 
erating an internal clock signal; a timing distribution cir- 
cuit selectively providing one of the two signals of the 
timing signal source to the clock generating circuit de- 
pending on a select signal and a software programma- 
ble clock select circuit selectively providing either the 
first or second signal of the timing signal source to the 
clock generating circuit. 

WO-A-92/09028 discloses a microprocessor circuit 
also having a clock generating circuit for generating an 
internal clock signal at a frequency selected from one of 
two frequencies. 

US-A-5 1 53 450 discloses a programmable output 
drive circuit having multiple drive capabilities for opti- 
mizing noise margins of different frequencies. The level 
of drive capability is selected according to frequency. 

Microprocessor circuits require clock signals to pro- 
vide timing references for controlling activities within the 
microprocessor. A microprocessor typically receives an 
external clock signal generated by a crystal oscillator or 
other external clock source and, using this external 
clock signal, generates an internal clock signal having 
a high degree of stability with a fifty percent duty cycle. 
The internally generated clock signal may have the 
same frequency as that of the external clock signal or 
may have a frequency that is a fraction or a multiple of 
the external clock signal frequency. 

CMOS integrated circuit microprocessors, for prop- 
er operation thereof, generally must be clocked by an 
internal clock signal having a first phase and a second 
phase for each clock cycle period. The clock signal first 
phase is at a high level for a first execution time period 
and the second phase is at a low level for a second ex- 
ecution time period to complete each clock cycle. The 
reason for this clocking procedure is that CMOS inte- 
grated circuits include circuitry wherein a first portion of 
the circuitry is active during the high level first phase of 
the clock signal and the other portion of the circuitry is 
active during the low level second phase of the clock 
signal. For this reason, the microprocessor typically 
generates a pair of internal clock signals that are 180 
degrees out of phase, one being provided to the first por- 
tion of the circuitry and the second being provided to the 
other portion of the circuitry. 

The first and second phases of each clock signal 
cycle must be of sufficient duration to enable both por- 
tions of the microprocessor circuitry to complete their 
execution. Each such portion requires some finite min- 
imum execution time because of internal microproces- 
sor delays resulting from internal speed paths. To en- 
sure that the minimum execution times are met for both 



portions of the microprocessor circuitry while maximiz- 
ing the frequency of the internal clock signals, the duty 
cycles of the internal clock signals are typically regulat- 
ed and maintained at fifty percent. 

In addition to the foregoing, the internal speed paths 
and resulting first and second minimum execution time 
periods are greatly affected by integrated circuit 
processing parameters, microprocessor operating tem- 
perature, and microprocessor operating supply voltage. 
For example, microprocessors execute more slowly as 
operating temperature increases. Microprocessors also 
execute more slowly as the operating supply voltage de- 
creases. In either or both of these cases, the duration 
of the first and second clock signal phases must be ex- 
tended to provide first and second execution times 
which are sufficient to accommodate the increased first 
and second minimum execution time periods. 

Clock generators for providing such clock signals 
are generally provided "on chip" in CMOS microproces- 
sor devices. However, as stated previously, they devel- 
op the clock signal or signals in response to an input 
clock signal generated by an external clock source. The 
on chip clock generator must be arranged to provide the 
clock signal first and second phases because external 
clock sources cannot always be relied upon to provide 
the clock signals accurately. In fact, external clock 
sources usually provide input clock signals having a du- 
ty cycle in a wide range. It is therefore required that the 
on chip clock generator be able to derive the clock sig- 
nals for clocking the microprocessor responsive to an 
input clock signal having a wide range of duty cycles. 

In addition to providing internal clock signals that 
are 180 degrees out of phase with duty cycles of fifty 
percent, there are several other important considera- 
tions associated with the generation of such clock sig- 
nals. On the semiconductor die itself, a single on chip 
clock generator is typically situated near the center of 
the microprocessor chip. The drive strength require- 
ments of this internal clock generator depends upon the 
type and amount of other circuitry fabricated on the mi- 
croprocessor die, as well as the routing of the clock sig- 
nals. In general, as the circuitry incorporated on the mi- 
croprocessor die becomes more complex and volumi- 
nous, the greater the required drive strength of the in- 
ternal clock generator. This can adversely affect elec- 
tromagnetic interference (EMI). 

Electromagnetic interference is generated by near- 
ly all electrical circuits. The quantity of EMI radiated by 
a microprocessor circuit is based upon many factors, in- 
cluding the current transitions generated by the clocks 
and other logic circuits driven by the clocks. In general, 
the circuits on the semiconductor chip are a source of 
the transient currents, and the surrounding components 
such as the device package, the printed circuit board, 
and the cables attached to the printed circuit board act 
as antennae that radiate the high frequency compo- 
nents of the transient currents. 

EMI can radiate in one of two modes: common 
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mode and differential mode. Differential mode radiation 
occurs when time-varying current loops exist on a PC 
board or similar structure. Common mode radiation is 
basically a uniform flow of current through, for example, 
a monopole antenna. 

Current loops of high frequency current are set up 
in the vicinity of microprocessors due to on-chip clock 
circuits. This is because the current drive source for the 
clock drivers are often localized while the return path for 
the current (through the load on the clock signals, which 
is a distributed capacitance) is more uniformly distribut- 
ed. The current drive source is not generally uniform be- 
cause the clock drivers are sometimes on isolated pow- 
er supplies on the chip, because the clock driver is clos- 
er to one side of the chip, or because of some other 
asymmetry in the power supply pins to the microproc- 
essor. 

The transient currents and therefore the EMI gen- 
erated by the internal clock generator of a microproces- 
sor can be excessively large for a number of reasons. 
First, as the circuit complexity of microprocessors has 
grown during the past years, so have the drive require- 
ments of the internal clock generator. The driver transis- 
tors within the internal clock generator have therefore 
been required to source and sink increasingly larger cur- 
rent levels. This has led to significant increases in the 
generated EMI due to the large current that is sourced 
or sunk at a given location on the semiconductor die. 

Another reason electromagnetic interference can 
become excessive is that the internal clock generator is 
designed to satisfy the drive requirements during worst- 
case conditions. As a consequence, the clock generator 
is significantly over-driven during normal operating con- 
ditions, thus resulting in increased electromagnetic in- 
terference. 

Chip manufacturers typically control EMI emissions 
through package design techniques. These techniques 
include power/ground planes within the package, 
grounded seal lids, and rails for by-pass capacitors. 
Systems manufacturers typically use board-level and 
enclosure techniques including moating in the PC 
board, separate power-ground planes, chokes, decou- 
pling capacitors, and shielding. Many of these tech- 
niques are relatively expensive to employ. 

EMI reduction is a rather important feature for man- 
ufacturers who would like to comply with FCC Class B 
and other requirements. Compliance with FCC Class B 
allows the device to be used in either a residential or a 
commercial application. Class A is restricted to industri- 
al use only. Thus, a product that conforms to Class B 
will include a much larger market. 

The internal clock frequency is also an important 
consideration with respect to the generation of internal 
microprocessor clock signals. In general, as the speed 
of the internal microprocessor clock increases, the time 
required to execute a particular program decreases. 
Thus, microprocessors having relatively high internal 
clock frequencies are desirable for high performance 



and computational-intensive applications. On the other 
hand, relatively fast microprocessors are usually more 
expensive than slower microprocessors, both in design 
and manufacture. Furthermore, a microprocessor oper- 
5 ating at higher speeds typically consumes more power 
in comparison to their lower speed counterparts. The 
frequency and edge rate (slew rate) of the internal clock 
signals also affect the EMI emissions significantly. 

As a result of these tradeoffs of generated EMI, per- 
formance, and cost, microprocessor manufacturers 
commonly provide versions of the same microprocessor 
family that meet different EMI, power and speed targets; 
one version that operates at a relatively high speed for 
high performance and computational-intensive applica- 
tions, and another version that operates at a lower 
speed for low EMI and low power applications. To pro- 
vide these differing versions, the microprocessor is typ- 
ically fabricated with two separate clock generators in- 
corporated on the semiconductor die. Mask program- 
ming methods can be employed during the fabrication 
of the microprocessor to enable one of the clock gener- 
ators and disable the other clock generator. Unfortu- 
nately, this technique is somewhat expensive since a 
different set of masks must be used for the different mi- 
croprocessor versions and, in addition, considerable die 
space is wasted since one of the clock generators on 
the semiconductor die is permanently disabled. Further- 
more, once the microprocessor chip has been fabricat- 
ed for use with a crystal oscillator of a predetermined 
maximum frequency, the internal maximum clock fre- 
quency cannot be changed. 

We will describe a microprocessor clock speed to 
vary depending upon a register that can be programmed 
by software. In addition, the drive strength of the internal 
clock generator may similarly be varied by software pro- 
gramming. The programmer or user of the microproces- 
sor may change the internal clock speed such that the 
microprocessor operates at a first frequency or at a sec- 
ond frequency depending upon the performance re- 
quirements. A lower frequency of operation may be se- 
lected for low power consumption and low EMI, while a 
higher frequency of operation may be selected for com- 
putational intensive and high performance applications. 

These and other advantages are achieved with a 
microprocessor circuit as claimed in claim 1. 

The invention will be more readily understood with 
reference to the drawings and the detailed description. 
As will be appreciated by one skilled in the art, the in- 
vention is applicable to microprocessors in general and 
is not limited to the specific embodiment disclosed. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a microprocessor cir- 
cuit die including distributed clock generators. 

Figure 2 is a schematic diagram of a timing signal 
source. 

Figure 3 is a schematic diagram of a clock delay 
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circuit. 

Figure 4 is a schematic diagram of a clock select 
circuit. 

Figure 5 is a schematic diagram of a master timing 
distribution circuit. 

Figure 6 is a block diagram of a distributed clock 
generator circuit. 

Figure 7 is a schematic diagram of a distributed 
clock generator circuit. 

Figure 8 is a schematic diagram of a second em- 
bodiment of a clock select circuit. 

Detailed Description 

The following includes a detailed description of the 
best presently contemplated mode for carrying out the 
invention. The description is intended to be merely illus- 
trative of the invention and should not be taken in a lim- 
iting sense. 

Referring to Figure 1 , a block diagram is shown of 
a microprocessor circuit 10 including a distributed clock 
generation scheme. The microprocessor circuit 10 in- 
cludes a timing signal source 12, a clock select circuit 
1 3, a master timing distribution circuit 1 4, and a plurality 
of distributed clock generator circuits 1 6-1 8. Each of the 
distributed clock generator circuits 1 6-1 8 provide clock- 
ing signals to separate circuit areas of the microproces- 
sor represented by blocks 20-25. The circuit areas illus- 
trated by blocks 20-25 are representative of circuitry 
within various subsections of the microprocessor, such 
as the program counter, internal registers, arithmetic 
logic unit (ALU), internal cache, multipliers, and adders. 
In this embodiment, the distributed clock generator cir- 
cuit 16 provides clocking signals to circuit area 20 and 
to circuit area 21. Similarly, clock generator circuit 17 
provides clocking signals to circuit areas 22 and 23, and 
distributed clock generator circuit 18 provides clocking 
signals to circuit areas 24 and 25. 

An external clock signal is received by microproc- 
essor circuit 10 at an external clock input line 26 and is 
coupled to the timing signal source 12. The external 
clock signal may be provided from a crystal oscillator or 
other clock source. As will be appreciated from the de- 
scription below, the timing signal source 1 2 provides a 
pair of timing signals to the master timing distribution 
circuit 14, a first of which having a frequency equal to 
that of the external clock signal, and the other of which 
having a frequency half that of the external clock signal. 
The timing signal source 12 includes divide-by-two cir- 
cuitry as well as duty cycle control circuitry to ensure 
that both timing signals are maintained with duty cycles 
of fifty percent. 

The clock select circuit 1 3 is also coupled to master 
timing distribution circuit 14 and is provided to accom- 
modate a clock speed switching function that allows the 
microprocessor 10 to operate at a variety of user se- 
lectable frequencies. The clock speed may be designat- 
ed via software programming and may be changed dur- 



ing the execution of a program. It will also be appreciat- 
ed that the drive strength of each of the distributed clock 
generator circuits 16-18 is variable based upon the se- 
lected f requency of operation . Detai Is of th is c lock speed 

5 select function as well as other features of the clock se- 
lect circurt 1 3 will be described in greater detail below. 

The master timing distribution circuit 14 receives 
the pair of timing signals from the timing signal source 
1 2 and, depending upon a clock select signal provided 

10 from clock select circu rt 13, provides a master timing sig- 
nal of a designated frequency to each of the distributed 
clock generator circuits 16-18. Each of the distributed 
clock generator circuits 16-18 correspondingly gener- 
ates a pair of clock signals that are 180 degrees out of 

is phase with respect to one another to drive the associ- 
ated circuit areas 20-25. Details of this circuitry will also 
be described further below 

It is noted that circuit areas 20-25 are defined by 
design such that each of the distributed clock generator 

20 circuits 16-18 is loaded approximately equally with re- 
spect to the others. Furthermore, the lines that connect 
the master timing distribution circu it 1 4 to the distributed 
clock generator circuits 16-18 are configured to have ap- 
proximately equal lengths. These characteristics result 

25 in reducing the skew between the clock signals gener- 
ated by each of the distributed clock generators 16-18. 

It is also noted that since a plurality of distributed 
clock generator circuits 16-18 are distributed at various 
locations on the microprocessor die, each driving a sep- 

30 a rate circuit area 20-25, the amount of current that is 
sou reed or sunk at a given location on the semiconduc- 
tor die as a result of the clock generator circuits is less 
in comparison to that which would be sourced or sunk 
at a given location by a single clock generator circuit 

35 provided to drive the entire microprocessor circuit. Sim- 
ilarly, since the distributed clock generators 16-18 can 
be positioned relatively close to the respective circuit ar- 
eas 20-25, the average length of the routing lines that 
couple the clock signals to the circuit areas is reduced. 

40 Thus, the load upon the clock generators is also re- 
duced. As a result, power consumption and electromag- 
netic interference is reduced and signal to noise ratio is 
maximized. 

Furthermore, since the clock generators are distric- 
ts uted, the current to the clock generators is more uni- 
formly distributed among the various power supply pins 
of the processor. This allows the designer to supply the 
clock generators with supplies that are common with 
(not isolated from) the other chip power supplies and 
50 helps to make the clock drive source currents even more 
uniformly distributed. When power supply currents are 
more uniformly distributed, differential mode currents 
are less likely to occur. 

Exemplary circuitry implementing each of the 
55 blocks of Figure 1 will next be considered with reference 
to Figures 2-6. Referring first to Figure 2, a schematic 
diagram is shown of a timing signal source 1 2. The cir- 
cuit includes a synchronizing circuit 30, a frequency di- 
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vision circuit 50, and a duty cycle control circuit 70. An 
external clock signal is received at line 26 and is coupled 
to the synchronizing circuit 30, the frequency division 
circuit 50, and the duty cycle control circuit 70. A reset 
signal is received at a line 27 and is coupled to the syn- 
chronizing circuit 30 and the frequency division circuit 
50. A line 51 is coupled to an output of the frequency 
division circuit 50 to provide a first timing signal labelled 
EPH1 having a frequency that is half the frequency of 
the external clock signal applied at line 26. Another line 
71 is provided at an output of the duty cycle control cir- 
cuit 70 to provide a second timing signal labelled 
DMPH1 having the same frequency as the external 
clock signal. Both the first and the second timing signals 
EPH1 and DMPH1 provided from lines 51 and 71, re- 
spectively, have a fifty percent duty cycle despite the 
possibility of duty cycle variations in the external clock 
signal at line 26. 

The synchronizing circuit 30 is provided to synchro- 
nize the falling edge of the reset signal with the rising 
edges of the first timing signal EPH1 at line 51. The syn- 
chronizing circuit 30 includes latches 31-35, inverters 
37-44, and a NOR gate 45. Each of the latches 31-34 is 
implemented with a pair of CMOS transfer gates, a for- 
ward inverter, and a feedback inverter. The latch 35 is 
implemented with a CMOS transfer gate, a forward in- 
verter, and a resistive feedback inverter. 

When the reset signal at line 27 is high, the micro- 
processor system is in a reset mode. Upon the falling 
edge of the reset signal, the rising edge of the first clock 
signal provided at line 51 must be synchronized thereto. 
As will be appreciated by those skilled in the art, four 
clock cycles after the falling edge of the reset signal oc- 
curs, a low pulse is generated at an output line 48 of the 
synchronizing circuit 30 and is provided to an input of 
NOR gate 49. This pulse remains low for the entire du- 
ration during which the external clock pulse is low. The 
synchronizing circuit 30 is a typical synchronization cir- 
cuit and such are known to those skilled in the art. 

The frequency division circuit 50 is similarly known 
to those skilled in the art and includes a nand gate 52, 
inverters 53-62, a CMOS transfer gate 63, and a latch 
64 implemented using a transfer gate 65, a forward in- 
verter 66, and a resistant feedback inverter 67. The fre- 
quency division circuit 50 provides the first timing signal 
EPH1 at line 51 having a frequency that is half the fre- 
quency of the external clock signal provided at line 26. 
Those skilled in the art will appreciate that the first timing 
signal EPH1 at line 51 is phase shifted when both the 
reset signal goes low and the pulse signal provided from 
the synchronizing circuit 30 at line 48 goes low such that 
the first timing signal EPH1 becomes synchronized with 
the falling edge of the reset signal. 

The duty cycle control circuit 70 includes inverters 
71 -74 and a clock delay circuit 90. The duty cycle control 
circuit 90 receives the incoming external clock signal at 
line 26 and provides the second timing signal DMPH1 
at line 71 . As will be better understood from the following 



description of the clock delay circuit 90, the second tim- 
ing signal DMPH1 has the same frequency as the ex- 
ternal clock signal received at line 26 and a duty cycle 
of fifty percent. 

5 Referring now to Figure 3, the clock delay circuit 90 

generally includes a latch 102, a buffering means 104, 
a delay means 106, and an input conditioning means 
1 08. The latch 1 02 includes a set input 1 1 2, a reset input 
114, and an output 116. When the set input 112 is high 

10 and the reset input 114 is low, the latch 102 is set so that 
the output 116 is at a high level. Conversely, when the 
set input 112 is low and the reset input 114 is high, the 
latch is reset so that the output 116 is low. Such latches 
are well known in the art. 

'5 The delay means 106 comprises a plurality of seri- 
ally coupled inverters 118. Each inverter corresponds to 
a delay proportional to an average gate delay of the in- 
tegrated circuit in which the clock delay circuit 90 is em- 
ployed. The delay means 106 is coupled between the 

20 output 116 of latch 102 and the reset input 114 of the 
latch through the input conditioning means 108. The 
buffering means 104 comprises a pair of inverters 120 
and 1 22 which provide at the output 1 24 of inverter 1 22 
a timing signal to be applied to the master timing distri- 

25 bution circuit 14. The delay means serves to delay the 
application of the output timing signal at output 116 of 
latch 1 02 to the reset input 1 1 4 of the latch 1 02. To pro- 
vide an output timing signal with a duty cycle of fifty per- 
cent, the delay of delay means 1 06 is chosen to be one 

30 half the period of the input signal. 

The input conditioning means 108 comprises an 
AND gate 1 26 and a NOR gate 1 28. As will be noted in 
Figure 3, the first input 130 of NOR gate 128 is coupled 
to the first input 1 34 of AND gate 126. The second input 

35 132 of NOR gate 128 is coupled to the second input 136 
of AND gate 126. The first input 134 of AND gate 126 
and the first input 130 of NOR gate 128 are coupled to 
receive the external clock signal having a duty cycle 
within a wide range of duty cycles from which the output 

40 timing signal is derived. The delay means 1 06 is coupled 
to the second input 1 36 of AN D gate 1 26 and the second 
input 132 of NOR gate 128 through inverter 140. To that 
end, inverter 140 has an input 142 coupled to the delay 
means 106. 

45 As previously mentioned, the microprocessor to be 
clocked by the internal clock signal includes a first circuit 
portion which is active during a first phase of the internal 
clock signal when the internal clock signal is at a high 
level and a second circuit portion which is active during 

50 a second phase of the internal clock signal when the 
internal clock signal is at a low level. Each circuit portion 
includes a speed path formed by internal gate delays 
which result in minimum first and second execution 
times during the first and second phases to enable each 

55 circuit portion to complete its execution during its re- 
spective internal clock signal phase. 

The external clock signal sets and resets the latch 
102 to cause the latch 102 to provide the second timing 
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signal DMPH1. However, the external clock signal only 
sets and resets the latch 102 when the latch is set or 
reset enabled by the output of the delay means 106. 
Hence, the number of inverters 118 selected for delay 
means 106 should represent a delay time at least equal 
to the greater of the first and second minimum execution 
times. By so doing, each phase of the second timing sig- 
nal DMPH1 will be assumed to provide a sufficient ex- 
ecution time to accommodate the speed paths of both 
circuit portions. 

Hence, the delay time of the delay means 106 as- 
sumes a minimum execution time for each phase of the 
internal clock signal. The actual duration of each phase 
may be longer than the minimum execution times re- 
quired by the processor because the externa! clock sig- 
nal may define first or second phases which are longer 
than the delay time of the delay means 1 06. If one of the 
phases defined by the external clock signal is longer 
than the delay time, the delay means 106 will have no 
effect because it would have already enabled the latch 
102 to be set or reset by the time the external clock sig- 
nal changes to the next phase. 

It will also be appreciated that the clock delay circuit 
90 is also self-regulating. The self-regulation comes into 
play because the delay means is arranged to vary its 
delay time in direct relation to the delay time represented 
by the microprocessor speed paths. This results be- 
cause the delay means 106 includes a plurality of seri- 
ally coupled inverters with each inverter representing a 
delay proportional to an average gate delay of the mi- 
croprocessor. Hence, the same parameters such as 
processing parameters, temperature, and supply volt- 
age magnitude, for example, which vary the delay time 
of the speed paths will have the same effect on the delay 
time of the delay means 106. 

In operation, when the external clock signal is high 
and the input 1 42 of inverter 1 40 is low, the set input 1 1 2 
of latch 102 is correspondingly high to set latch 102 and 
cause the output 1 1 6 to be high. When the external clock 
signal is at a low level and the input 142 of inverter 140 
is high, the set input 112 of latch 102 is correspondingly 
low and the reset input 114 of latch 102 is correspond- 
ingly high to reset latch 102 and cause the output 116 
of latch 102 to be low. 

From the foregoing description of the timing signal 
source 12, it is evident that a first timing signal EPH1 
having a frequency half that of the external clock signal 
and a second timing signal DMPH1 having the same fre- 
quency as the external clock signal are provided to the 
master timing distribution circuit 14. Signals EPH1 and 
DMPH1 are each duty-cycle regulated and phase-syn- 
chronized with the reset signal. 

Referring next to Figure 4, the clock select circuit 
13 is next considered. The clock select circuit 13 is pro- 
vided to allow the programmer or user of the microproc- 
essor to select either the first internal timing signal EPH 1 
or the second internal timing signal DMPH1 to control 
the internal activities of the microprocessor. Alternative- 



ly, an external third timing signal may be selected to de- 
rive the internal clock signal. The circuit includes a latch 
1 50, inverters 151-161, nand gates 1 65-1 68, and a NOR 
gate 169. 

5 When the microprocessor circuit is initially turned 

on, the frequency select signal at line 1 70 is initially low. 
The frequency select signal at line 170 is sourced from 
an internal register 171 of the microprocessor that al- 
lows software programming of the internal clock speed. 

io When the frequency select signal is low, the output of 
nand gate 166 is high regardless of signals EPH1 , 
DMPH1 , and DRVPH2. As will become evident from the 
diagrams of the distributed clock generator circuits, sig- 
nal DRVPH2 is an output clock signal used to drive the 

is respective circuit areas 20-25. Since the output of nand 
gate 166 is high, the output of inverter 154 goes low. If 
the test signal at line 1 80 is high, the output of nand gate 
167 is low and the output of nand gate 1 68 is high. Con- 
sequently, signal selectl goes high and signal selecn 

20 goes low. Similarly, signal select2 goes low and signal 
seiect2 goes high. Furthermore, signal select3 goes low 
and signal selects goes high. As will be appreciated 
from the description below of the master timing distribu- 
tion circuit 1 4, these signals cause the master timing dis- 

25 tribution circuit 14 to select the first timing signal EPH1 
from the timing signal source 12 for distribution to each 
of the distributed clock generator circuits 16-18. Each of 
the distributed clock generator circuits 16-18 will re- 
sponsively generate a pair of clock signals (DRVPH1 

30 and DRVPH2) that are 1 80 degrees out of phase to be 
provided to the respective circuit areas 20-25. 

The microprocessor speed can be changed by set- 
ting the internal register 171 high. When this register lo- 
cation is set, the output of NOR gate 169 will go high 

35 upon the rising edges of signals EPH1 and DMPH1 . The 
output of nand gate 1 66 will go low following this if signal 
DRVPH2 is also high. When the output of nand gate 166 
goes low, the latch 1 50 is set, and the output of inverter 
156 goes low and the output of inverter 157 goes high. 

40 This correspondingly causes the master clock distribu- 
tion circuit 14 to select the second internal clock signal 
DMPH1 having a frequency twice that of the first clock 
signal EPH1. 

As will be appreciated from the following, the test 

45 signal at line 180 may be asserted low to override the 
circuit such that neither the first nor the second timing 
signals EPH1 and DMPH1 are selected. Instead ! a pair 
of test signals (TestPHI and TestPH2) may be provided 
to the master timing distribution circuit for testing pur- 

50 poses. 

It is noted that latch 150 of the clock select circuit 
1 3 is configured such that the internal clocking of the 
microprocessor may be controlled by the first timing sig- 
nal EPH1 and subsequently changed to the second tim- 
55 ing signal DMPH1 having twice the frequency. Once the 
second timing signal DMPH1 is selected, the microproc- 
essor system must be reset to return to operation at the 
lower frequency of the first timing signal EPH 1 . It is also 
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noted that the internal clocking can switch from the fre- 
quency of the first timing signal EPH1 to the frequency 
of the second timing signal DMPH1 only when both 
clock signals are high, and in addition, only when the 
clock output signal DRVPH2 provided from the distrib- 5 
uted clock generator circuits 16-18 is also high. These 
conditions ensure that proper timing is maintained and 
prevents the generation of signal glitches. 

Additionally, when the first timing signal EPH1 is se- 
lected, the enable signal is low. When the second timing 
signal DMPH1 having a frequency twice that of the first 
timing signal is selected, the enable signal is set high. 
As will be appreciated from the following, the enable sig- 
nal is used to control each the distributed clock gener- 
ator circuits such that increased drive is provided for the 
internal clock signals when operating at the higher fre- 
quency. 

Referring next to Figure 5, a schematic diagram is 
shown of a master timing distribution circuit 14. The 
master timing distribution circuit includes inverters 
201 -204, inverting buffers 206-21 1 , and nand gates 21 3 
and 214. The master timing distribution circuit is a signal 
switching circuit that receives signals EPH1 and 
DMPH1 from the timing signal source 12, and provides 
output timing signals NPH1 and NPH2 at lines 215 and 
21 6 that have a frequency corresponding to either signal 
EPH1 or signal DMPH1 depending upon the clock select 
signals. Alternatively, a pair of test signals TestPHI and 
TestPH2 are switched to the output lines of the master 
timing distribution circuit 14 when signal select3 is as- 
serted. These test signals may be controlled during test 
operations of the microprocessor. 

The distributed clock generator circuits 16-18 are 
next considered with reference to the block diagram of 
Figure 6. The circuit of Figure 6 is representative of each 
of the distributed clock generator circuits 16-18, and in- 
cludes driver enable circuits 250 and 275, low driver log- 
ic blocks 300 and 350, high driver logic blocks 325 and 
375, and driver output transistor stages 400, 405, 410 
and 415. Each of the driver output transistor stages in- 
cludes a P-channel field effect transistor and an N-chan- 
nel field effect transistor. Timing signal NPH1 from the 
master timing distribution circuit 14 is received at a line 
501 and is provided to the low driver logic 300 and the 
high driver logic 325. Clock signal NPH2 from the master 
clock distribution circuit 1 4 is similarly received at a line 
502, inverted by inverter 504, and provided to the low 
driver logic 350 and the high driver logic 375. Signals 
DRVPH1 and DRVPH2 are derived from these signals 
and are used as the internal clock signals capable of 
driving other circuitry on the microprocessor. Signals 
DRVPH1 and DRVPH2 are 180 degrees out of phase 
"as a result of the feedback loop in the clock generator 
circuit. The enable signal is also received from clock se- 
lect 13 at driver enable blocks 250 and 275, which cor- 
respondingly control high driver logic blocks 325 and 
375. When the enable signal is high, driver enable 
blocks 250 and 275 enable high driver logic blocks 325 



and 375 such that the driver output transistor stages 405 
and 41 5 are enabled in an operative mode. When the 
enable signal is low, driver enable blocks 250 and 275 
disable the high driver logic blocks 325 and 375 such 
that the driver transistor output stages 405 and 415 are 
disabled in an inoperative mode. As a result, during low 
frequency operation of the microprocessor when the 
first timing signal EPH1 is selected, the output stages 
405 and 41 5 are disabled, thus reducing electromagnet- 
ic interference. When operating in a high frequency 
mode when timing signal DMPH1 is selected, more 
drive is necessary. Consequently, output stages 405 
and 415 are enabled, thus providing sufficient drive to 
drive the respective circuit areas 20-25. 

Figure 7 is a schematic diagram illustrating a dis- 
tributed clock generator circuit. Circuit elements corre- 
sponding to those of Figure 6 are numbered identically 
The circuit includes a plurality of P-channel field effect 
transistors 510-537 and a plurality N-channel field effect 
transistors 540-567. A voltage V cc is applied to the un- 
connected terminal of each P-channel transistor, while 
each unconnected terminal of the N-channel transistors 
is connect to ground. When the enable signal is low, the 
drive enable circuit 275 disables the high driver circuit 
375 and the drive enable circuit 250 disables the high 
driver 325. For example, to disable the high driver circuit 
375, transistor 513 turns on, thus driving the output of 
an inverter formed by transistors 524 and 558 low. This 
consequently drives the output of an inverter formed by 
transistors 533 and 567 high. Output transistor 536 is 
thereby held in an inoperative state. Similarly, since 
transistor 549 is turned on, the output of an inverter 
formed by transistors 525 and 559 is high. Consequent- 
ly, the output of an inverter formed by transistors 534 
and 566 is low. Output transistor 563 is therefore also 
held in an inoperative state. 

On the other hand, it is evident that the low driver 
circuits 300 and 350 are always enabled such that their 
respective input timing signals NPH1 and NPH2 control 
the state of the output clock signals DRVPH1 and 
DRVPH2. It is appreciated that when, for example, tim- 
ing signal NPH2 is low, the output of an inverter formed 
by transistors 515 and 551 is high. The outputs of an 
inverter formed by transistors 516 and 552 and an in- 
verter formed by transistors 517 and 553 are therefore 
low. The output clock signal DRVPH1 is consequently 
low. Similarly, when timing signal NPH2 goes high, clock 
signal DRVPH1 also goes high. 

The clock output signals DRVPH1 and DRVPH2 are 
180 degrees out of phase with respect to one another 
and are provided to the respective circuit areas 20-25. 
It is noted that a feedback line 581 and a feedback line 
582 are provided to ensure that clock signals DRVPH1 
and DRVPH2 are 180 degrees out of phase. For exam- 
ple, feedback line 581 ensures that clock signal 
DRVPH2 cannot go high until clock signal DRVPH1 has 
reached a threshold low voltage level. 

Referring finally to Figure 8, a second embodiment 
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of the microprocessor, that provides the fre- 
quency select signal. 

2. A microprocessor circuit as claimed in claim 1, 
5 wherein the software prog ram ming-set control 

means (1 71 ) of the clock select circuit (13) is a reg- 
ister. 

3. A microprocessor circuit as claimed in claim 1 or 
10 claim 2, wherein the timing signal source (12) re- 
ceives an external clock signal generated by an ex- 
ternal clock source (26) and, using this external 
clock signal, generates the first and second timing 
signals. 

75 

4. A microprocessor circuit as claimed in claim 3, 
wherein the timing signal source includes a duty cy- 
cle control circuit (70). 



of the clock select 1 3 is shown that is similar to that of 
Figure 4. In this embodiment however, a different latch 
circuit 400 is employed that allows the circuit to switch 
back and forth between the first timing signal EPH1 and 
the second timing signal DMPH1 without asserting the 
reset signal. As such, not only can the user switch from 
the lower frequency of signal EPH1 to the higher fre- 
quency of signal DMPH1 during program execution, the 
frequency can also be changed from that of the high fre- 
quency of signal DMPH1 to the lower frequency of signal 
EPH1 without resetting the microprocessor circuit. 



Claims 

1. A microprocessor circuit (10) comprising: 

a timing signal source (12) for providing a first 
timing signal (EPH1) having a first frequency 
and a second timing signal (DMPH1 ) having a 
second frequency; 

a clock generator circuit (16,17,18) for gener- 
ating an internal clock signal for clocking circuit- 
ry within a circuit area of the microprocessor; 
a timing distribution circuit (14) coupled to the 
clock generator circuit (16,17,18) and coupled 
to receive the first and second timing signals 
(EPH1,DMPH1) from the timing signal source 

(12) , wherein the timing distribution circuit (14) 
includes a switching means for providing the 
first timing signal or the second timing signal to 
the clock generator circuit (16,17,18) depend- 
ing upon a select signal, the select signal hav- 
ing a first state for selecting the first timing sig- 
nal and a second state for selecting the second 
timing signal; and 

a clock select circuit (13) coupled to the timing 
distribution circuit (14), the clock select circuit 

(1 3) for providing the select signal to the timing 
distribution circuit (14) such that the internal 
clock signal generated by the clock generator 
circuit is derived from the first timing signal 
when the select signal is in the first state and 
such that the internal clock signal is derived 
from the second timing signal when the select 
signal is in the second state, the clock select 
circuit (13) being coupled to the timing signal 
source (1 2) to receive the first timing signal and 
the second timing signal and coupled to the 
clock generator circuit (1 6, 1 7, 1 8) to receive the 
internal clock signal, the clock select circuit (13) 
including a latch, the latch switching the state 
of the select signal when the first timing signal, 
the second timing signal and the internal clock 
signal are simultaneously high and enabled by 
a frequency select signal; wherein the clock se- 
lect circuit (13) includes a control means (171), 
which is set by software programming by a user 



20 5. A microprocessor circuit as claimed in claim 4, 
wherein the timing signal source further includes a 
frequency division circuit (50) coupled to the duty 
cycle control circuit (70). 

25 6. A microprocessor circuit as claimed in claim 1, 
wherein the clock generator circuit includes a vari- 
able strength driver circuit coupled to the timing dis- 
tribution circuit (14) to receive the first and second 
timing signals. 

30 

7. A microprocessor circuit as claimed in claim 1, 
wherein the clock generator circuit includes a first 
driver circuit and a second driver circuit connected 
in parallel with the first driver circuit, the first and 

35 second driver circuits both being coupled to the tim- 
ing distribution circuit to receive a timing signal se- 
lected from the first and second timing signals in ac- 
cordance with the select signal, and wherein an en- 
able circuit is coupled to the clock select circuit to 

40 receive the select signal and is coupled to said sec- 
ond driver circuit to enable the second driver circuit 
when the select signal is in the first state and to dis- 
able the second driver circuit when the select signal 
is in the second state. 

45 

Patentanspruche 

1. Mikroprozessorschaltung (10) mit: 

so 

einer Zeitsteuerungssignalquelle (12) zum Vor- 
sehen eines ersten Zeitsteuerungssignals 
(EPH1) mit einer ersten Frequenz und eines 
zweiten Zeitsteuerungssignals (DMPH1 ) mit ei- 
ss ner zweiten Frequenz; 

einer Taktgeneratorschaltung (16, 17, 18) zur 
Erzeugung eines internen Taktsignals fur eine 
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Taktschaltung innertialb eines Schattungsbe- 
reichs des Mikroprozessors; 

einer Zeitsteuerungsverteilungsschaltung (14), 
die mitder Taktgeneratorschaltung (16, 17, 18) 5 
verbunden und derail angeschlossen ist, daB 
sie die ersten und zweiten Zeitsteuerungssi- 
gnale (EPH1 , DMPH 1 ) von der Zeitsteuerungs- 
signalquelle (12) erhalt, wobei die Zeitsteue- 
rungsverteilungsschaltung (14) eine Schaltein- io 
richtung zum Liefern des ersten Zeitsteue- 
rungssignals oder des zweiten Zeitsteuerungs- 
signals an die Taktgeneratorschaltung (16, 17, 
18) in Abhangigkeit von einem Auswahlsignal 
aufweist, das einen ersten Zustand zur Aus- 16 
wahl des ersten Zeitsteuerungssignals und ei- 
nen zweiten Zustand zur Aus wahl des zweiten 
Zeitsteuerungssignals aufweist; und 

einer Taktauswahlschaltung (13), die mit der so 
Zeitsteuerungsverteilungsschaltung (14) zum 
Liefern des Auswahlsignals an die Zeitsteue- 
rungsverteilungsschaltung (14) verbunden ist, 
derart, daG das durch die Taktgeneratorschal- 
tung erzeugte interne Taktsignal aus dem er- ss 
sten Zeitsteuerungssignal abgeleitet wird, 
wenn sich das Auswahlsignal in dem ersten Zu- 
stand befindet, und die Taktauswahlschaltung 
(13) zum Erhalten des ersten Zeitsteuerungs- 
signals und des zweiten Zeitsteuerungssignals 30 
mit der Zeitsteuerungssignalquelle (12) ver- 
bunden ist und zum Erhalten des internen Takt- 
signals mit der Taktgeneratorschaltung (16, 17, 
18) verbunden ist, wobei die Taktauswahlschal- 
tung (13) eine Latch-Einrichtung aufweist, die 3S 
den Zustand des Auswahlsignals umschaltet, 
wenn das erste Zeitsteuerungssignal, das 
zweite Zeitsteuerungssignal und das interne 
Taktsignal gleichzeitig auf einem H-Pegel ste- 
hen und durch ein Frequenzauswahlsignal f rei- 40 
gegeben sind; wobei die Taktauswahlschaltung 
(13) eine Steuereinrichtung (171) aufweist, die 
durch Softwareprogrammierung des das Fre- 
quenzauswahlsignal liefernden Mikroprozes- 
sors durch einen Anwender eingestellt wird. 4 $ 

Mikroprozessorschaltung nach Anspruch 1, wobei 
die durch Softwareprogrammierung eingestellte 
Steuereinrichtung (171) der Taktauswahlschaltung 
(13) ein Register ist. 50 

Mikroprozessorschaltung nach Anspruch 1 oder 2, 
wobei die Zeitsteuerungssignalquelle (12) ein 
durch eine externe Taktquelle (26) erzeugtes exter- 
nes Taktsignal erhalt und unter Verwendung dieses 55 
externen Taktsignals die ersten und zweiten Zeit- 
steuerungssignale erzeugt. 



4. Mikroprozessorschaltung nach Anspruch 3, wobei 
die Zeitsteuerungssignalquelle eine Tastverhaltnis- 
steuerungsschaltung (70) aufweist. 

5. Mikroprozessorschaltung nach Anspruch 4, wobei 
die Zeitsteuerungssignalquelle ferner eine mit der 
Tastverhaltnissteuerungsschaltung (70) verbunde- 
ne Frequenzteiiungsschaltung (50) aufweist. 

6. Mikroprozessorschaltung nach Anspruch 1 , wobei 
die Taktgeneratorschaltung eine zum Erhalten der 
ersten und zweiten Zeitsteuerungssignale mit der 
Zeitsteuerungsverteilungsschaltung (14) verbun- 
dene Treiberschaltung variabler Starke aufweist. 

7. Mikroprozessorschaltung nach Anspruch 1 , wobei 
die Taktgeneratorschaltung eine erste Treiber- 
schaltung und eine parallel zu der ersten Treiber- 
schaltung geschaftete zweite Treiberschaltung auf- 
weist, die beide zum Erhalten eines gemaQ dem 
Auswahlsignal aus den ersten und den zweiten 
Zeitsteuerungssignalen ausgewahlten Zeitsteue- 
rungssignals mit der Zeitsteuerungsverteilungs- 
schaltung verbunden sind, und wobei eine Freiga- 
beschaltung zum Erhalten des Auswahlsignals mit 
der Taktauswahlschaltung verbunden ist, und mit 
der zweiten Treiberschaltung verbunden ist, um die 
zweite Treiberschaltung freizugeben, wenn das 
Auswahlsignal sich in dem ersten Zustand befindet, 
und die zweite Treiberschaltung zu sperren, wenn 
das Auswahlsignal sich in dem zweiten Zustand be- 
findet. 



Revendications 

1. Circuit (10) de microprocesseur comprenant : 

une source de signal de cadencement (12) 
pour fournir un premier signal de cadencement 
(EPH1 ) ayant une premiere frequence et un se- 
cond signal de cadencement (DMPH1) ayant 
une seconde frequence; 

un circuit d'horloge (16, 17, 18) pour generer 
un signal interne d'horloge afin de synchroniser 
Tensemble des circuits avec une zone de cir- 
cuits du microprocesseur; 
un circuit de repartition du cadencement (14) 
connecte au circuit d'horloge (16, 17, 18) et 
couple de maniere a recevoir les premier et se- 
cond signaux de cadencement (EPH1, 
DMPH1) provenant de la source de signal de 
cadencement (12), ce circuit de repartition de 
cadencement comprenant un moyen de com- 
mutation pour fournir le premier ou le second 
signal de cadencement au circuit d'horloge (16, 
17, 18) en fonction d'un signal de selection, ce- 
lui-ci ayant un premier etat pour selectionner le 
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premier signal de cadencement et un second 
etat pour select ionner le second signal de ca- 
dencement; et 

un circuit de selection d'horloge (1 3) connecte 
au circuit de distribution de cadencement (14) 
pour lui foumir le signal de selection de telle 
sorte que le signal interne d'horloge genere par 
le circuit d'horloge est extrait du premier signal 
de cadencement quand le signal de selection 
est dans le premier etat et que ce signal interne 
d'horloge est extrait du second signal de ca- 
dencement quand le signal de selection est 
dans le second etat, ce circuit de selection 
d'horloge etant connects a ta source de signal 
de cadencement (12) de maniere a recevoir le 
premier et le second signal de cadencement 
ainsi qu'au circuit d'horloge (16, 17, 1 8) de ma- 
niere a recevoir le signal interne d'horloge, ce 
circuit de selection d'horloge comprenant un 
verrou commutant I'etat du signal de selection 
quand le premier signal de cadencement, le se- 
cond signal de cadencement et le signal interne 
d'horloge sont simultanement a I'etat haut et 
valides par un signal de selection de frequence; 

dans lequel le circuit de selection d'horloge 
(13) comprend une unite de commande (171), re- 
glee par la programmation d'un logiciel effectuee 
par I'utilisateur du microprocesseur, cette unite four- 
nissant le signal de selection de frequence. 

2. Circuit de microprocesseur selon la revendication 
1, dans lequel Punite de commande reglee par pro- 
grammation d'un logiciel (171) du circuit de selec- 
tion d'horloge (13) est un registre. 

3. Circuit de microprocesseur selon la revendication 1 
ou la revendication 2, dans lequel la source de si- 
gnal de cadencement (12) recoit un signal externe 
d'horloge genere par une source externe de caden- 
cement (26) et genere les premier et second si- 
gnaux de cadencement en utilisant ce signal exter- 
ne d'horloge. 

4. Circuit de microprocesseur selon la revendication 

3, dans lequel la source de signal de cadencement 
comprend un circuit de commande du rapport cycli- 
que. 

5. Circuit de microprocesseur selon la revendication 

4, dans lequel la source de signal de cadencement 
comprend en outre un circuit de division de frequen- 
ce (50) connecte au circuit de commande du rap- 
port cyclique. 

6. Circuit de microprocesseur selon la revendication 
1, dans lequel le circuit d'horloge comprend un cir- 
cuit d'attaque de force variable connecte au circuit 



de repartition de cadencement (14) de maniere a 
recevoir les premier et second signaux de caden- 
cement. 

5 7. Circuit de microprocesseur selon la revendication 
1 , dans lequel le circuit d'horloge comprend un pre- 
mier et un second circuit d'attaque connectes en pa- 
rallel, ces premier et second circuits d'attaque 
etant tous les deux connectes au circuit de reparti- 

io tion de cadencement de maniere a recevoir un si- 
gnal de cadencement selectionne a partir des pre- 
mier et second signaux de cadencement selon le 
signal de selection et dans lequel un circuit de va- 
lidation est connects au circuit de selection d'horlo- 

is ge pour recevoir le signal de selection ainsi qu'au 
second circuit d'attaque pour le valider ce dernier 
quand le signal de selection est dans le premier etat 
et pour I'invalider quand le signal de selection est 
dans le second etat. 
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